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The invention relates to a multi-phase LC oscillator. 
In many modern integrated transceivers architectures, in-phase (I) and 
quadrature (Q) signals are needed in the signal processing part. 

5 An example is the zero-IF architecture in which the incoming RF input signal 

is converted directly to a baseband signal. When the carrier-to-noise ratio (CNR) 
requirements, given a certain power budget, of an I/Q oscillator are stringent, use of I/Q LC 
oscillators can be required. Phase noise of LC oscillators is better than RC oscillators given a 
limited power budget, since energy can be stored in the resonator of the LC oscillator and 
10 only the losses in de resonator and active device have to be compensated periodically. 

From the international patent application W096/33552 a LC oscillator is 
known which is coupled to one or more additional LC oscillators in order to increase the 
stability of an oscillator. The oscillator is a single-phase oscillator, which does not operate at 
15 optimum point if the amplifier has a parasitic phase shift. 

An object of the invention is to extend the class of correct by construction I/Q 
LC oscillator that in addition provides optimum CNR performance correct by construction. 

To this end a multi-phase LC oscillator according to the invention comprises 
20 the features of claim 1. 

Quadrature signals are obtained when this multi-phase oscillator has an even 
number of stages. 

It is to be noticed here that further several integrated I/Q LC oscillator 
architectures are known in the art. These oscillators do belong to the so-called class of 
25 correct-by construction oscillators, since they are based on two identical/symmetrical 

sections. However, these state of the art architectures do not oscillate at zero phase shift of 
the resonator, which leads to sub-optimal CNR performance of these I/Q oscillators. 

Embodiments of the invention arc described in the depended claims. 
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These and other aspects of the invention will be apparent from and elucidated 
with reference to examples described here and after. Herein shows: 

Figure 1 block-schematically an example of a multiphase LC oscillator 
according to the invention, 
5 Figure 2 block-schematically an example of V/I converter according to the 

invention, 

Figure 3 block-schematically a second example of a V/I converter with 
compensation according to the invention, 

Figure 4 a phase plot of the example of figure 3, and 
10 Figure 5 a block-schematically an third example of a V/I converter according 

to the invention. 



Figure 1 shows block-schematically an example of a multiphase LC oscillator 
1 according to the invention. At a first input V n ,i the multiphase LC oscillator receives an 
15 input signal. This input is coupled to a first voltage-to-current converter VICONV1. At an 

output the voltage-to-current converter supplies an output current I out i to a first LC oscillator 
OSC1. In this example the LC oscillator comprises an inductance L, a capacitor C, a 
resistance Rp and a parasitic resistance -Ra. 

The output of the LC oscillator is coupled to an input V in2 of a second voltage - 
20 to-current converter VICONV2. This input V in2 is at the same time a first output V ou ti of the 
multiphase LC oscillator 1. 

The input V„,2 supplies the output signal of the oscillator OSC1 to the 
converter VICONV2. 

The converter supplies as output signal the current I ou ,2 to a second oscillator 
25 OSC2. This second oscillator comprises in this example the same elements as the oscillator 
OSC1. 

The output of the oscillator OSC2 is coupled to the second output V ou[ q of the 
multiphase LC oscillator 1. 

The output V ou ,q is also coupled as feedback signal to the first input V inl of the 
30 multiphase LC oscillator via an inverter. 

The two LC oscillators OSC1 and OSC2 are coupled with the V/I converters, 
which implement the necessary 90-dcgree phase shift. This phase shift can be positive or 
negative. This exact 90-degree phase-shift ensures that the oscillator(s) operates at a 
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maximum slope of the resonator phase-characteristic. Also only one oscillation point is 
available which is important for robustness. 

Tuning can be realized in several ways. The LC oscillator OSC1 and OSC2 
can be tunable, for example by means of varactors. 
5 Alternatively, tuning can be implemented by varying the phase shift of the V/I 

converters VICONV1 and VICONV2. In that case the phase shift of each V/I converter is 90 
degrees +/- the phase shift of the resonator which corresponds to the wanted frequency. 
Tuning is, in this way performed, around the optimum operating point of the resonator. 

In a practical implementation, oscillator OSC1 and oscillator OSC2 will have 
10 some parasitic phase shift. In that case the V/I converters must provide (in this special case ot 
a 2-stagew multi-phase oscillator: I/Q oscillator) 90 degrees shift minus the parasitic phase 
shift for optimum operation. 

The exact 90 degrees phase-shift can be introduced in several ways: 
implementing an integrator within the V/I converter 
15 implementing a differentiator within the V/I converter 

In general: a network that provides 90 degrees phase-shift. This network or circuit may be 
adjustable to ensure 90 degrees phase-shift over the complete tuning range of the oscillator. 

Figure 2 shows block-schematically an example of V/I converter VICONV20 
according to the invention. In this example an integrator INT20 implements the 90 degrees 
20 phase-shift. The amplifiers AM21 and AM22 are in this example supposed to be ideal, so 
having no phase shift. 

Figure 3 block-schematically a second example of a V/I converter VICONV30 
with compensation according to the invention. In this example the amplifiers AM33 and 
AM32 can have some (parasitic) phase shift which has to be compensated by a third 
25 amplifier AM31 which is in this example coupled parallel to the other two amplifiers. The 
phase shift of each amplifier is respectively (J)l, <\>2, and (J)3. In figure 4 the phase plot of the 
different phase shift is shown. The integrator INT30 implements a 90 degrees phase-shift. If 
(due to the implementation) the amplifiers AM33 and AM32 have some (parasitic) phase 
shift, the amplifier AM31 is set to compensate for this and make the total phase shift 90 
30 degrees. At the same time the amplifier AM31 can be used for tuning around the maximum 
phase slope point. 

Figure 4 shows a phase plot of the example of the V/I converter VICON30 of 
figure 3. This phase plot shows how an exact 90 degrees can be achieved taking into account 
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the phase-shift of the transconductunces ((})1, <\>2, and ())3) due to implementation, parasitic 
effects etc. 

Figure 5 shows block-schematically an third example of a V/I converter 
V1CON50 according to the invention. In this example the conversion of 90 degrees is 
implemented as a differentiation by a differentiator DIF50 to obtain the 90 degrees phase 
shift and two amplifiers AM5 1 and AM52 whereby the amplifier AM51 accomplishes a 
current to voltage conversion and the amplifier AM52 accomplishes a voltage to current 
conversion. This combined with the differentiation of the differentator DIF50 accomplishes 
an overall voltage to current conversion. The amplifier AM51 has in this example its input 
coupled with virtual ground. 

It will be noticed by the man skilled in the art that also in this example as in 
the example shown in figure 3 also if necessary here a kind of compensation can be achieved. 

Further it will be clear that the invention is not limited to the aforementioned 
examples and that instead of the shown multiphase LC oscillator as a second stage oscillator 
it is also possible to obtain higher order multiphase LC oscillators with the same invention. In 
case the multi phase LC oscillator has an even number of stages quadrature signals can be 
obtained. 



